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Identification and Elimination of Mechanisms Leading to UV Damage of DKDP”

Alan Burnham, Mike Runkel, Lloyd Chase, Stavros Demos, Mike Staggs,
Wigbert Siekhaus

This LDRD project addressed both bulk and surface damage induced by UV-laser
exposure. The primary objectives were (1) to complete our understanding of the factors
leading to bulk damage, including growth conditions and orientational direction, and (2)
to identify mechanisms of surface damage initiation and growth leading to mitigation
methods.

Due to the more advanced state of knowledge in bulk damage, a greater portion of
that work was completed during the one-year term of this project. Three papers were
presented at the 32nd Boulder Damage Symposium on Laser-Induced Damage in Optical
Materials, and the three resulting manuscripts submitted to the Proceeding are attached.
An important result from this work is that it established a dependence of obscuration
from bulk damage on fluence and pulse length, which is shown in Figure 1.
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Figure 1. Obscuration by scattering from laser-induced bulk damage as a function of the

single-pulse exposure fluence scaled by t*%.

* Work supported under the auspices of the U.S. Department of Energy by the University of California
Lawrence Livermore National Laboratory under contract No. W-7405-ENG-48.



Two techniques were explored to identify the precursors of bulk damage. One
was laser-induced breakdown of the DKDP growth solution, using either acoustic or
emission detection. The other was analysis of particulate captured from dissolved
crystals passed through 40-nm track-etched filter. The first method had mixed results and
did not clearly demonstrate a signal above background that could be definitively related
to the growth solution. The second method gave more promising results, with control
experiments clearly showing the ability to collect and analyze gold nanoparticles, as
shown in Figure 2. The technique was transferred to the NIF project at the end of the
LDRD project.
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Figure 2. Figure showing schematically the capture of nanoparticles on a track-etched
filter, a TEM image showing gold particles, and a diffraction pattern confirming the Au
composition.

For surface damage, we explored the correlation between microscopic fluorescent
bodies in the crystal surface and the subsequent occurrence of laser-induced surface
damage. On a crystal with a relatively poor quality surface, four of four imbedded
fluorescent bodies damaged at the high end of NIF fluences. One of these sites is shown
in the Figure 3 below. In contrast, surface particles blew off without causing crater
damage. High quality crystals have only a couple surface damage events per 100 cm?, so
on the basis of these results, we started setting up a raster scanning system that couples
fluorescence and scattering imaging with an in-situ damage measurement system. The
system was partially constructed at the end of the LDRD project.

During the year, an interesting new phenomenon was discovered and a likely
mechanism proposed. Small surface cracks with an orientation along the extraordinary
axis of tripler cut DKDP samples were observed. The cracks formed both spontaneously
and when the pieces were indented with a nanoindentor in preparation for surface damage
growth experiments. The cause appears to be the formation of a surface layer in tension
due to exchange of deuterium in the crystal with hydrogen from ambient moisture in the
air. The lattice parameters of the resulting DKP layer are 0.2% lower than the underlying



DKDP layer. The surface exchange from a few to tens of microns was measured by both

Raman spectroscopy and Secondary Ion Mass Spectrometry.
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Figure 3. Light scattering and fluorescence images of high quality DKDP surface
compared to images of the plasma image during high-fluence laser exposure and the
light-scattering image thereafter. The large fluorescent body appears to be the precursor
of the laser-induced damage.
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